These results suggest that the Sca-1+ cells in the adult murine heart have a potential as stem cells and may contribute to the regeneration of injured hearts.
Introduction
The heart has long been thought to adapt to increased work and loss of cardiomyocytes by the cellular hypertrophy of residual cardiomyocytes, but not by the proliferation of mature cardiomyocytes or the differentiation of undifferentiated cells. However, recent reports have suggested that adult cardiomyocytes can proliferate under certain pathologic conditions and that there are the cells expressing stem cell markers in the adult heart (1-4). It has been reported that Sca-1 and c-kit positive (+) cells exist in the adult heart (5) and that adult murine hearts contain potential stem cells, side population (SP) cells (6, 7). However, it remains to be clarified whether these cells have the characteristics of stem cells such as abilities of self-renewal and differentiating into various types of cells including mature cardiomyocytes.
Sca-1 is a member of Ly-6 family and has first reported as one of cell surface markers of hematopoietic stem cells (8). Recently many reports have demonstrated
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Estimation of pluripotency
Osteogenic differentiation of Sca-1+ cells from the adult murine heart was induced in IMDM supplemented with 10 % FBS, 50 M ascorbic acid 2-phosphate, 0.1 M dexamethasone and 10 mM -glycerophosphate as described previously (32). For detection of osteocytes, alkaline phosphatase staining (Leukocyte Alkaline Phosphatase
Assay Kit, Sigma-Aldrich) was used. Adipogenic differentiation was induced as described previously (28) . Briefly the cells were cultured with Dulbecco's Modified
Eagle's Medium (DMEM) supplemented with 5 % horse serum with MDI-I cocktail; 0.5 mM methyl-isobutylxanthine, 1 M dexamethasone, 100 mM indomethacin and 10 g/ml insulin for 2 days and then cultured with DMEM supplemented with 5 % horse serum and 10 g/ml of insulin for 1 day. The treatment with MDI-I followed by insulin was repeated 4 times. For detection of accumulated oil droplets, Oil-Red O staining was performed followed by nuclear hematoxylin counter staining.
Statistical analysis
Values are presented as mean ± SEM. The significance of differences among mean values was determined by ANOVA. The accepted level of significance was P<0.05.
Results
Cell surface antigens of Sca-1+ cells derived from the adult murine heart
Flow cytometric analysis revealed that Sca-1+ cells were enriched to over 90 % when adult murine cardiac cells were sorted twice with the MACS system using PE conjugated anti-Sca-1 antibody and anti-PE micro beads (Fig. 1A) . (Fig. 1B) , and ~10 % of the cells expressed CD34 (Fig. 1C ) and c-kit (Fig. 1D ).
Sca-1+ cells from the adult murine heart differentiate into beating cardiomyocytes
In order to induce differentiation into cardiomyocytes, Sca-1+ cells were treated with either 5'-azacytizine or oxytocin. When Sca-1+ cells were cultured with medium containing FBS, they showed various cell shapes and spindle-like and elongated shapes were predominant ( Fig. 2A) . Two weeks after the treatment with oxytocin, small round cells with prominent nucleus and little cytoplasm have appeared (arrow heads in isoproterenol: 228.9 ± 7.3, n=10, P<0.01, Fig. 5B ). The pretreatment with propranolol (average 196.4 ± 5.6, n=10, P<0.05 vs isoproterenol) and CGP20712A (average 188.9 ± 7.5, n=10, P<0.05 vs isoproterenol) reduced the increase in beating rate in response to isoproterenol significantly (Fig. 5B) . ICI118551 had no effect on isoproterenol-induced increase in beating rate.
Sca-1+ cells from the adult murine heart express oxytocin receptor mRNA
To elucidate the role of oxytocin receptor in cardiomyogenesis of Sca-1+ cells, we examined the expression of oxytocin receptor in Sca-1+ cells. Oxytocin receptor mRNA was present at low levels in Sca-1+ cells before the oxytocin treatment ( The mechanism by which oxytocin stimulates tyrosine phosphorylation has not been elucidated, but may be mediated by G subunit dissociating from G subunit.
Oxytocin inhibits the proliferation of human brain tumors (43), breast-cancer cells (44) and adenocarcinoma of endometrium (45) 
Video legends
Video Cardiac Sca-1+ cells differentiate into beating cardiomyocytes. Four weeks after starting the treatment with oxytocin, some of cardiac Sca-1+ cells showed spontaneous beating. 
